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犯valuationof lateral pterygoid muscles in painful temporomanclibular joint by signal intensity on 
fluid-attenuated inversion recovery images 
Abstract 
。匂ectives
The pathological changes of the lateral pterygoid muscle (LPM) have been investigated using various 
modalities, including magnetic resonance imaging (MRI) and electromyography. The fluid”attenuated 
inversion recoverγ （FLAIR) sequence is a MR sequence that we hypothesized could be used to evaluate 
abnormality of the LPM. The purpose of this study was to analyze the FLAIR signal intensity ofLPMs in 
painful temporomandibular joints (TMJs), and to investigate the pathological changes of the muscles. 
Aイethods 
The study was based on I 49 joints of 77 patients who were referred for MRI of the TMJ. Patients rated 
their degree of pain during chewing and opening using a Visual Analogue Scale (VAS). Regions of 
inte1百twere placed over the superior and inferior heads of LPMs and g1可 matter(GM) on FLAIR 
sagi陶 iimages. Using the signal intensities of GM asreference, the signal intensity ratios (S!Rs) ofLPMs 
were calculated. The Spearman’s ran I←cm・relationcoe仔icientwas used to analyze the correlation between 
the SIRs and the VAS score (pく0.05).
Results 
There were correlations between the S!Rs on FLAIR images and the VAS score. 
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Conclusions 
It is suggested that the FLAIR signal intensity from the superior and inferior heads of LPMs becomes 
significantly higher in patients with painful TMJs. This indicates that the FしAIRsequence could be useful 
in assessing the relationship between the MR signals ofLPMs and clinical symptoms. 
Key Words 
Lateral pterygoid muscle (LPM), Magnetic resonance imaging (MRI), Fluid”attenuated inversion 
recovery (FLAIR), Temporomandibular joint (TMJ) 
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Introduction 
Temporomandibular disorders (TMDs) are symptomatically characterized by pain around the 
temporomandibular joint (TMJ) and jaw muscles, restricted jaw movement, and TMJ sounds [1・3].The 
lateral pterygoid muscle (LPM) is thought to be implicated in TMDs b巴causethere is a wid巴spreadnotion 
that there are abnormal pa投ernsofLPM activity in some patients with TMD [1, 4, 5). 
A number of authors have investigated the pathological changes of theしPMusing magnetic 
resonance imaging (MRI). D’Ippolito suggested that patients with TMD can present with alterations in 
LPM thickness [6). It has been suggested that pathological changes such as hypertrophy, atrophy, and 
contracture of the LPM in the TMJ with anterior disc displacement accompanied by nonreduction could 
be detected by M則［7,8). Previous studies rep01ted no significant relationship betweenしPMinsertion 
type and disc displacement or pathologic changes of the muscle [9, 10). It was also reported that in 
patients with TMDs and simultaneous migraine, the LPM tends to be hypertrophic [2]. Few studies, 
however, have investigated the relationships between the clinical symptoms and MR signal intensities of 
しPMs.
In this study, it was hypothesized that fluid喰ttenuatedinversion recovery (FLAIR) sequences 
could be used to evaluate abnormality of the LPM. The FLAIR sequence is a MR sequence that is often 
used to distinguish brain lesions from cerebrospinal －日uid(CSF) by suppressing the signal ofCSF〔1,12). 
Some studies have applied the FLAIR sequence to the TMJ area to aid in the diagnosis of TMJ 
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abnormalities [13・16].
The purpose of this study was to analyze the FLAIR signal intensity ofLPMs in painful TMJs, 
and to investigate the pathological changes of the muscles. 
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Materials and methods 
MR images of the TMJ were obtained from patients who were clinically diagnosed with TMD at Tokyo 
Dental College Chiba Hospital between May and August 2013. Informed consent was obtained from al 
patients, and the study protocol was approved by the ethical review board of our institution (No. 347). 
This study was based on 188 joints of 94 patients. Thirty”seven joints with a histo1γof trauma, surgery, 
mandibular growth disturbance, 01・TMJtumors were excluded. Two joints were also excluded because 
the patients failed to complete the questionnaire regarding TMJ pain correctly. In total, 149 joints of 77 
patients were selected. Patients consisted of I 0 males and 67 fi巴males,and the mean且gewas 35.8 years, 
with a range of 15 to 75 years. Before imaging, patients rated their degree of pain during chewing and 
opening using a Visual Analogue Scale (VAS). Additionally, the joints were divided into four groups 
according to disc derangement and marked osteoarthritis bas邑don MRI examination: 1) 32 joints that had 
no disc der加 g巴mentand marked osteoarthritis, 2) 56 joints that had disc derangement with reduction, 3) 
43 joints that had disc derangement without reduction, and 4) 18 joints that exhibited osteoarthritis of the 
TMJs. 
MRI was performed using a 1.5 Tesla MR lmag巴r(MAGNETOM Symphony; Siemens, 
Erlangen, Germany) with a double-loop array coil. Routine sequences for the TMJ assessment in our 
hospital were T2・weighted,proton”density-weighted, fat-suppressed T2-weighted and FLAIJミsequences.
The FLAIR and T2・weightedimages were used in this study, and in these sequences, 
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sagittal oblique images were obtained in the closed-mouth position. A fast spin-echo sequence was used 
and Table 1 shows the parameters employed. 
Measurement of signal intensity was performed dir巴ctlyon the MR imager for both FしAIRand 
T2・weightedsagittal oblique closed”mouth images (Fig. 1). The T2・weightedsequence was used for 
comparison with the FLAIR sequence. Views were selected according to the position on the long axis, 
where the widest area was available on the superior and inferior heads of the LPMs. The selection of 
images suitable for ROI placement was decided through consensus of two oral and maxillofacial 
radiologists and the measurement was performed by one of the authors. The regions of interest (RO!s) 
were placed over the superior and inferior heads of the LPMs and gray matter (GM) on both FLAIR and 
T2・weightedsagittal images obtained in the closed-mouth position. The signal intensity of GM was taken 
as the reference point. The size of the RO Isand their position were determined according to the method 
of Yamamoto et al. [17]. Two differe.nt ROis were placed over the LPMs to cov巴ra large area. We placed 
1.0 mm2 areas for the superior head of the LPMs (SLPMs), 20 mm2 areas for the inferior head (ILPMs), 
and 6.0 mm2 areas for the GM (Fig. 2). 
The signal intensity ratios (S!Rs) of the SLPMs and ILPMs on FLAIR and T2-weighted images 
were calculated as follows, according to the method ofYajima et al. [18]: 
SIR= signal intensity of the SLPMs (or JLPMs) I signal intensity of GM 
Statistical analyses were carried out using Excel Statistics software for Windows 
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(Ekuseru-Toukei 2010; Social Survey Research Information Co., Ltd, Tokyo, Japan). The Spearman’s 
rank心orrelationcoefficient was used to analyze the correlation between the SIRs (T2-weghted and 
FLAIR imaging) and each of the VAS scores during chewing and opening. Additionally, the 
Kruskal”Wallis test was used to compare the four groups呂ccordingto disc derangement and marked 
osteoarthr' s (pく0.05).
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Results 
Table 2 shows the average SIR of the SLPMs and ILPMs on T2-weighted and FLAIR images. The 
average SIR on the T2・weightedimage of the SLPMs was 0.40土0.08and for the ILPM it was 0.38土
0.08. The average SIR on the FLAIR image of the SLPMs was 0.3 l土0.10and for the ILPM itwas 0.31 
土0.09.
There were correlations between the SIRs on FLAIR images and the VAS scores during 
chewing and during opening (Table 3, Figs. 3, 4). The higher the VAS score, the more the SIR on FLAIIミ
images of the SLPM and ILPM increased. Jn SLPM, the Spearman’s rank correlation coefficient was 0.33 
during chewing and 0.27 during op巴ning.In ILPM, the Spearman’s rank correlation coefficient was 0.34 
during ch巴wingand 0.31 during opening. 
In contrast, a correlation was found between the SIRs of the SしPMson T2-weighted images 
and the VAS score during chewing. Correlations were also found between the SIRs of the ILPMs on 
T2・weightedimages and the VAS score during chewing and opening. No correlation was found between 
the S!Rs of the SLPMs on T2-weighted images and the VAS score during opening. The absolute values of 
correlation coefficients both of FLAIR and T2-weighted were relatively low. But those of FLAIR were a 
litle bit high than those ofT2-ewighted. 
There were no significant differences among the four groups in terms of disc derangement and 
marked osteoarthritis (p> 0.05). 
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Discussion 
Pain of the masticatory muscles is one of the most frequent symptoms found in painful patients with 
TMD [19]. The pain can be elicited by jaw movements: chewing, talking and other jaw functions [20, 21]. 
The LPM is one of the most important muscles in mastication functions, and it participates in the control 
of jaw movements [1, 6]. The LPMs have been implicated in TMD. The LPM is generally regarded to 
consist of two heads, a superior head and an inferior head. Although there has been much discussion in 
regard to the number of heads, their variations remain poorly defined [5, 21・25].
In the present study, we investigated signal intensities of signal intensity of LPMs in painful 
TMJs from FLAIR and T2・weightedsequences. The results showed that the higher the VAS scores during 
chewing and opening, the higher the SIRs of the SLPM and ILPM on FLAIR images. The SIRs of the 
T2-weighted images also tended to increase when the VASs were high. No correlation was, however, 
found between the SIRs of the SLPMs on T2”weighted images and the VAS scores during opening. 
There are various pathological changes of painful masticatory muscles. Nikkuni et al. 
suggested that the causal factors that contribute to pain in skeletal muscles can be divided into at least two 
categor允s: an edematous change itself and an allogenic substance [26]. Some studies using 
ultrasonography repo1ied that edematous change causes masseter muscle pain [27, 28]. In a color Doppler 
sonography study，人1・ijet al. repo1ied that an increase in vasculatur・ewas observed in and around the 
masseter muscle of patients with inflammation [29]. In a T2・mappingMRI study, it was reported that the 
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mean T2 values of the masseter muscle on the painful side were significantly higher than those on the 
pain-free side, and that the pain might have been caused by edematous change related to TMD [26]. Some 
studies suggested that glutamate is one substance related to pain in skeletal muscles [30, 31]. 
The pterygoid plexus is located between the temporal muscle and the lateral/medial pterygoid 
muscle. The pterygoid plexus is near the pte1ygoid venous plexus, which has a blood“st or札Jleshape (26, 
32]. Some studies suggested that the blood flow around the TMJ and the V巴incirculation from the 
pterygoid plexus might have a significant efi巴cton the function ofTMJ and the entire masticatory system 
(32・34].In light of these past studies, one possible mechanism that was hypothesized was that the blood 
flow from the pterygoid plexus increased in painful TMJ, and might a仔ectthe LPMs in MR signal 
mtens1t1es. 
Th er・eseems to be consensus that FLAIR signal intensity is influenced by protein concentration 
[35, 36]. In this study, the more painful the TMJs were, the higher the FLAIR signal intensity from the 
SLPMs and ILPMs became. This change may lead, in turn, to a sho1iened Tl relaxation time in MRI in 
the LPMs with pain. In past studies that used the FLAIR sequence to aid in the diagnosis of TMJ 
abnormalities, FLAIR signal intensities were analyzed in terms of joint effusion (JE), minimal amounts of 
担uid,bone marrow in the mandibular condyle, and retrodiscal tissue [13”16]. Imoto et al. compared the 
signal intensities of JE obtained from T2”weighted and FLAIR images and suggested that JE is a官uid
accumulation containing elements such as protein, and is not just water [13]. Our previous study showed 
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that the FLAIR signal intensity from the retrodiscal tissue was higher in painful TMJ than in non-painful 
TMJ [16]. Kodama et al. reported that the signal intensity of the condylar bone marrow on FLAIR images 
was significantly higher in painful than non-painful TMJs [15]. In the study, it was suggested that the 
increased signal of th巴marrowon FLAIR images could reflect the elevated protein levels that occur in the 
‘early stage of edema’as defined by Larheim et al. [37]. There is a possibility that theしPMsin painful 
TMJs might contain an element such as protein that is related to inflammation and shortens the Tl 
relaxation time. 
In this study, we evaluated the relationship between the degree of pain and the signal intensities 
in FしAIRand T2・weightedimaging. The comparison between the superior and inferior heads requires 
further study. T2・weightedsequence is useful to distinguish various lesions in oral maxillofacial region 
including TMJ disorder and used in a number of studies. In the present study, however, no correlation was 
found between SIRs of SLPMs on T2-weighted images and VAS during opening.すheabsolute values of 
correlation coefficients of FLAIR were slightly high than those of T2. These results suggest the FLAIR 
sequence may be useful in the evaluation of pathological changes of LPMs and the degre巴ofpain. 
Classically, in studies on the function of the LPM, the SLPM is described as being active during jaw 
closing, jaw retrusion, and ipsilateral jaw movements, and the ILPM as being reciprocally active during 
jaw opening, jaw protrusion, and contralateral jaw movements [4, 38]. Murray et al吋 however,rep01ied 
that their data were consistent with the hypothesis that the lateral pterygoid should be regarded as a 
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system offibers [1]. 
The present study is the五rstto use the FLAIR sequence to evaluate th巴LPM.Further study is 
needed to investigate the pathological changes of the LPM based on MRI findings and to analyze the 
differences in the various types of pain. 
In conclusion, it is suggested that the FLAIR signal intensity from the superior and inferior 
heads of the LPMs became significantly higher in patients with painful TMJs. The FLAIR sequence could 
thus be useful to assess the relationship between the MR signals ofLPMs and clinical symptoms. 
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Table 
Table 1. Magnetic resonance imaging parameters 
Index FLAIR images T2-weighted images 
TI (ms) 2500 
TR (ms) 9000 3300 
TE (ms) 168 85 
ETL 21 5 
FOY (111) 150×150 150×150 
S巴ctionthickness (mm) 3 3 
Slice gap (mm) 0.6 0.6 
Matrix 256×256 256×256 
TI: inversion time TR: rep巴titiontime TE: echo time ETし：echotrain length FOY: field of view 
Table 2. The average of the SIRs on FLAIR and T2・weightedimages from the superior heads of lateral 
pterygoid muscles (SLPM) and inferior heads of lateral pterγgoid muscles (!LPM), mean土SD
FLAIR images T2・weightedimages 
SLPM 0.31土0.10 0.40土0.08
ILPM 0.31土0.09 0.38土0.08
Table 3. Spearman's rank-correlation coe節cientbetween the SIRs of the SLPM (on FLAIR images and 
T2-weighted) and the VAS (during chewing and opening), the SIRs of the ILPM (on FLAIR images and 
T2-weighted) and the VAS (during chewing and opening) 
SI Rs VAS during chewing VAS during opening 
SLPM FLAIR 0.33 (Pく.001) 0.27 (Pく.001)
T2”weighted 0.21 (P=0.01 <0.05) 0.16 (P>0.05) 
ILPM FLAIR 0.34 (Pく.001) 0.31 (Pく.001)
T2・weighted 0.24 (Pく.001) 0.20 (P=0.01く0.05)
Figure legend 
Figure 1. A. fluid-attenuated inversion recovery (FLAIR) and B. 下~2 weighted sagital oblique 
closed-mouth images of the TMJ. Views were selected according to the position where the widest area 
was available on the superior and inferior heads of the lateral pterygoid muscle (LPM). 
Figure 2. Measurement of the region of interest (ROis) on sagital oblique FLAIR with closed mouth. 
ROls were placed over each two areas on the superior and inferior heads of the LPM, and one area on 
gray matter. Circles 1 and 2 show the ROls in the superior head of the LPM (SLPM). Circle I was placed 
closest to the condyle. Circle 2 was placed in the center of the SLPM. The area of circles I and 2 is1.0 
mm2. Circles 3 and 4 show the ROls in the inferior head of th巴しPM(lしPM).Circle 3 was placed closest 
to the condyle. Circle 4 was placed in the center of the ILPM. The area of circles 3 and 4 is20 mm2. 
Circle 5 shows the ROI in gray ma抗er.The ROI was placed as close as possible to the top of the 
mandibular condyle. The area of circles is 6.0 1112. 
Figure 3. Correlation between SIR of SしPMon FLAIR and VAS score. A. A correlation was found 
between the signal intensity ratio (SIR) on FLAIR images ofSLPM and the Visual Analogue Scale (VAS) 
score on chewing. The correlation coefficient was 0.33 (p<.001) with Spearman’s ranl←correlation 
coefficient. B. A correlation was found between the SIR on FLAIR images of the SLPM and the VAS 
score on opening. The correlation coefficient was 0.27 (pく.001)with Spearman’s rank-correlation 
coefficient. 
Figure 4. Correlation between SIR of ILPM on FLAIR and VAS score. A. A conelation was found 
between the SIR on FLAIR images of the ILPM and the VAS score on chewing.γhe correlation 
coe佼icientwas 0.34 (pく.001)with Spearman’s rank-correlation coefficient. B. A corr巴lationwas found 
between the SIR on FLAfR images of the ILPM and the VAS score on opening. The correlation 
coefficient was 0.31 (Pく.001)with Spearman’s ran！←correlation coefficient. 
Figure1-A Click here to download Figure Figure1-A-revision.tif主
Figure1・B Click here to download Figure Figure1-B-revision.tif .:; 
Figure2 Click here to download Figure Figure2-revision.tif主
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